Introduction: Central venous catheters are fundamental to daily clinical practice. This procedure is mainly performed by residents, often without supervision or structured training. Objective: To describe the characteristics of central venous catheterization and the complication rate related to it. Method: Retrospective cohort study. Adult patients undergoing central venous catheter insertion out of the intensive care unit (ICU) of a teaching hospital were selected from March 2014 to February 2015. Data were collected from medical charts using an electronic form. Clinical and laboratory characteristics from patients, procedure characteristics, and mechanical and infectious complications rates were assessed. Patients with and without complications were compared. Results: Three hundred and eleven (311) central venous catheterizations were evaluated. The main reasons to perform the procedure were lack of peripheral access, chemotherapy and sepsis. There were 20 mechanical complications (6% of procedures). Arterial puncture was the most common. Procedures performed in the second semester were associated with lower risk of complications (odds ratio 0.35 [95CI 0.12-0.98; p=0.037]). Thirty-five (35) catheter-related infection cases (11.1%) were reported. They were related to younger patients and procedures performed by residents with more than one year of training. Procedures performed after the first trimester had a lower chance of infection. Conclusion: These results show that the rate of mechanical complications of central venous puncture in our hospital is similar to the literature, but more attention should be given to infection prevention measures.
introduction
Central venous catheters are fundamental to daily clinical practice. Its main indications are lack of peripheral access, administration of drugs used exclusively in large veins, administration of parenteral diet, and access for hemodialysis. 1, 2 It is estimated that more than 5 million central venous punctures are performed per year in the United States. 3 Although data from Brazil are scarce, in 2015 the Unified Health System authorized the placement of 95,704 catheters, including short and long-term catheters. 4 The rate of complications of central venous puncture is estimated at 15%. 1, 5 Complications related to this procedure are divided into mechanical and infectious. The most common mechanical complications are arterial puncture, hematoma and pneumothorax. Hemothorax, arrhythmia, thoracic duct injury, cardiac tamponade, air embolism or guidewire embolism are more rare but potentially more severe. Using the proper technique for the procedure, a portion of these complications can be avoided. 1, 5, 6 Infectious complications (especially catheter-relat-ed bloodstream infection), however, besides being potentially serious, are classically associated with high morbidity and mortality and high hospital costs. 7 The puncture site is one of the determinants of complications, so that pneumothorax is more common in subclavian approaches, whereas arterial puncture is more common for the femoral and jugular veins. 1 Infectious complications, in turn, appear more common in the femoral and jugular approach. 8 Other variables may also influence the rate of complications, such as the use of ultrasonography to guide the procedure, the time of the procedure and the amount of training of the professional performing it. 1 Considering the latter, there is no specific training in most Brazilian teaching hospitals. There are also no national guidelines regarding the professional's qualification for such procedure or protocols to make puncture safer. In addition, the American Board of Internal Medicine 9 does not provide clear recommendations on the number of procedures to be performed for a physician being trained to be considered qualified, but recognizes that there is a learning curve that varies between individuals and procedures. 9 It is estimated that 10-20 punctures are required for the training physician to feel comfortable performing the procedure. 10 Unfortunately, it is common for such procedures to be learned in an unsystematic manner, taught in the context of medical education based on the "see one, do one, teach one" model. 2 At the Hospital de Clínicas de Porto Alegre (HCPA), training used to follow this unsystematic model. Despite having a committee for monitoring central venous catheters, most of the learning occurs through observation and supervised performance, with no formal training prior to commencement. Usually, supervision is performed by preceptors of medical residency and more experienced residents (second year or above). After the first few months of training, it is common for procedures to be performed without supervision. The procedures performed by resident physicians of intensive care, on the other hand, are always supervised by preceptors. Considering these problems, the HCPA implemented in 2016 a structured training program for resident physicians focused on central venous puncture techniques outside the intensive care unit and surgical center, with supervised theoretical and practical activities performed on mannequins.
Our study aimed to describe the characteristics of central venous puncture and rate of complications related to this procedure before the implementation of structured training.
Method
This is a retrospective cohort study that evaluated adult patients undergoing central venous puncture outside the HCPA intensive care unit in 2014. We considered the period from March 2014 to February 2015. The study was approved by the Research and Graduate Group and by the Research Ethics Committee of the HCPA under number 15-0048.
Data were collected through electronic form-based chart reviews. All radiological control exams after central venous puncture were identified by searching the HCPA computerized system. This examination is performed routinely in all patients who undergo jugular or subclavian venipuncture procedure. Patients admitted to the intensive care unit and with peripheral central venous catheter were excluded from the initial sample. Then, a random sample (list of numbers generated randomly by computer program) was selected for evaluation. The description of how patients were included in this evaluation is summarized in Figure 1 .
The following information was collected: gender, age, platelet count, prothrombin time, presence of heart disease (ischemic disease, heart failure or valvulopathy) or pulmonary (chronic obstructive pulmonary disease, asthma or interstitial disease), infection, cancer, kidney failure (acute or chronic) and diabetes mellitus on insulin. These comorbidities were noted whenever mentioned in the patient's discharge or death records. The following catheter and procedure data were collected: catheter type (mono and double lumen, dialysis and long stay), indication for insertion of the catheter, area of the professional responsible for the procedure (clinical, surgical or other), training time of the professional placing the catheter (grouped as first-year residents, second-year residents, and third-year or above residents -including in the latter group the hospital's clinical staff -medical staff and professors of medicine), place of the procedure (outpatient surgical center -OSC -or elsewhere), use of ultrasonography and puncture site (jugular or subclavian). Complications related to the procedure were divided into mechanical (arterial puncture, hematoma and pneumothorax) and non-mechanical (catheter-related infection). The data related to the mechanical complications were collected from the systematic review of medical records, with a description of the procedure, radiological examination post-procedure, and subsequent medical and nursing monitoring (7 days). The catheter-related infection data were obtained from the Hospital Infection Control Commission, according to the criteria of the Brazilian Sanitary Surveillance Agency (Anvisa): adult patients with a central venous catheter at the time of diagnosis or up to 48 hours after their removal with 1) one or more blood cultures positive for recognized pathogen unrelated to infection elsewhere, or 2) fever, chills, oliguria and/or hypotension together with at least two blood cultures collected on different occasions positive for skin-contaminant pathogens and unrelated to another site of infection. 11 The incidence of infectious complications was analyzed for the period between insertion of the catheter and hospital discharge or death.
Statistical analysis
Continuous variables were presented as mean and standard deviation or median and 25-75 th percentile (variables with non-Gaussian distribution) and the comparison of outcomes was performed using Student's t-test for repeated measures or a Wilcoxon test for paired data (variables with non-Gaussian distribution). The categorical variables were presented in percentages and absolute numbers and the comparisons were performed using Chi-square test. Differences between groups were assessed by residue analysis. Missing data were excluded from all analyzes. These analyzes were performed in SPSS 20.0 software (SPSS, Chicago, IL). Considering the number of procedures in the HCPA as 1,600, and the complication rate being 10-15%, the sample was calculated at 175 procedures with 5% alpha error and power set at 95%.
results
A total of 1,681 central venous access punctures were identified in adult patients outside the intensive care unit setting during the residency year of 2014. Of these, 311 were randomly selected for evaluation, with 17 patients undergoing two different punctures and two patients undergoing three different punctures due to the need for more than one access during one or more hospitalizations. It should be noted that none of these patients remained with more than one central access simultaneously.
The characteristics of the patients studied are presented in Table 1 . We point out that more than half of the patients were diagnosed with active cancer and a quarter of them were being treated for systemic infection. The main indications for the procedure were lack of peripheral access and need for venous access for chemotherapy and severe sepsis/septic shock. The type of catheter most used was double lumen. In addition, most catheters were placed in the setting recommended by the institution (OSC) and by a professional with up to one year of training.
Mechanical complications occurred in 20 patients, representing 6.5% of the procedures. Individually, arterial puncture was the most common complication (12 cases), followed by hematoma (nine cases). Two patients had both arterial puncture and hematoma. Only one case of postprocedure pneumothorax was identified, and no chest drainage was required. There were 35 cases of catheter-related infection (11.1% of the sample). Table 2 presents the characteristics of patients and procedures according to the presence of mechanical complications. In our sample, only thrombocytopenia was associated with an increased risk of complications related to puncture, to the detriment of a higher risk of hematoma, with an odds ratio of 4.9 (95CI 1.27-19.5; p=0.02) for patients with thrombocytopenia compared to patients without this condition. Of the variables related to the procedure, only the performance of the procedure in the second semester of the residency year was associated with a lower risk of complications with an odds ratio of 0.35 (95CI 0.12-0.98; p=0.037). We emphasize that neither the amount of training of the person responsible for the procedure, time of procedure, and use of ultrasonography were associated with risk of complications. Considering the difference found between the training moments, there was a statistical power of 99% to detect it.
As for infection related to the catheter, data are presented in Table 3 . Patients with a catheter infection were younger (mean age) and had their procedures performed by second-year residents more frequently. It is also worth noting that the procedures performed after the first trimester of the residency year were associated with a lower risk of complications, with odds ratio of 0.69 (95CI 0.51-0.94; p=0.002) compared to the procedures performed in the first trimester. For this analysis, the statistical power was also 99%. There was no association between infection rate with catheter type, puncture site, use of ultrasonography or the area of the professional. To better understand the relation between procedures performed by second year residents and infectious complications, we evaluated the characteristics of the procedures performed by this group. The main indication for central venous puncture was chemotherapy (40 vs. 31.2% for second and first year residents, respectively, p<0.001). In addition, second-year residents made more punctures earlier that year (80.6 vs. 47.9% of the procedures performed in the first semester by residents of the second and first year, respectively, p=0.001). There was no difference in relation to comorbidities, platelets or prothrombin time among first and second year residents.
After analyzing the cases in which there was at least one complication, either mechanical or infectious, we identified the subclavian puncture site as a factor associated with less risk of complication, with an odds ratio of 0.51 (95CI 0.26-0.97; p=0.04) compared to the jugular site and procedures performed in the second semester, with odds ratio of 0.53 (95CI 0.28-0.97; p=0.04) compared to the procedures performed in the first trimester. There was no association between the rate of grouped complications and the other variables.
discussion
Our study showed that the rate of mechanical complications related to central venous puncture is infrequent in our setting. Even without structured training, the incidence of mechanical complications is comparable with data published in the literature. 8, 9 In turn, the rate of catheter infection in our institution is higher than reported in the foreign literature. 8, 12, 13 Arterial puncture, hematoma and pneumothorax are, in this order, the most common complications related to central venous punctures according to the literature. 1, 8, 9 We point out in particular the fact that pneumothorax, a complication with greater morbidity, is rare, occurring in less than 1% of the jugular approaches and up to 1.5% of the subclavian approaches. 1, 8, 14 Puncture site, number of punctures and male gender are factors associated with a greater chance of complications. 8, 15, 16 In our study, we observed that the jugular puncture site had a higher rate of mechanical and infectious complications compared to the subclavian vein. The other associations were not observed in our series, perhaps due to the small number of complications identified. The number of punctures could not be obtained from the records in the medical charts, which is an expected limitation when using secondary data. A study 16 with similar design and heterogeneity of the population (school hospital) demonstrated a rate of mechanical complication approximately three times higher than that found in our study. However, the analysis was performed in an intensive care setting, which may be related to the need for more urgent venous access.
The discrepancy between the rate of central catheter--associated infection identified in the HCPA and in the international literature can be partially explained by different methodologies of data collection and diagnostic criteria for catheter infection. Definitions for central venous catheter-related infection as used in international studies are usually more specific, such as: 1) significant growth of at least one microorganism in catheter-tip culture; 2) 3:1 CFU/mL ratio for the same microorganism of the catheter in relation to the peripheral one; or 3) growth time in the catheter greater than or equal to 2 hours prior to peripheral growth. These criteria are exempted from the definition used by the Brazilian Sanitary Surveillance Agency 11 and are routinely adopted by institutions in the country. Compared to other studies conducted in Brazil, we found higher rates of infection. 17, 18 However, the comparison is limited because these studies were performed in specific populations (e.g., chemotherapy, dialysis), and some of them were related to long-term catheters. We did not find Brazilian studies with heterogeneous population samples similar to ours.
Current, unstructured training may partly explain the higher incidence of infectious complications compared to mechanical ones. The training focuses on the puncture, i.e., vessel location and catheter insertion. The infection prevention bundle, 19 including hand hygiene, use of a maximum precautionary barrier during insertion, and daily checking of the need for catheter maintenance, for example, is not part of the training.
The results show that the rate of puncture complications identified in the HCPA is comparable with data from other centers. In addition, we have an indirect finding that unstructured training is capable of promoting a reasonable learning curve for resident physicians, with a reduction in the rate of events (mechanical and infectious) after the first few months of training. This finding may appear to be in disagreement with the absence of a relation between complication rate and the amount of training performed by the person performing the puncture. However, more experienced physicians performed fewer procedures (especially in the second semester) and it is possible that these procedures involved greater technical difficulty and, therefore, did not represent the same group of patients and/or procedures. Second-year residents performed more punctures in patients requiring access to chemotherapy, that is, patients who were immunosuppressed and more susceptible to infections. This finding may partially explain the higher infection rate in the procedures performed by second-year residents and reinforces the impression that these are procedures performed in more severe patients, indicating reverse causality as a probable reason for this result.
Limitations of our study include retrospective design, which may hinder recovery of outcomes and related factors due to underreporting in the medical record. Another limitation is that the study is observational, therefore we cannot exclude the hypothesis that differences may be due to overlooked confounding variables. The low prevalence of procedures performed by more experienced professionals may limit some findings. Finally, failure to evaluate femoral vein procedures partially limits the generalization of our results. As future perspectives, this project also aims to evaluate the effectiveness of the struc-tured training that will soon be implemented in the HCPA. Considering the low event rate found, confirmation of these findings in a larger sample would also be interesting.
conclusion
The analysis of the results of the current training practice demonstrates a rate of mechanical complications similar to the data available in the literature. However, our rates of catheter infection appear to be higher than expected. Our results suggest that structured training should focus not only on the technique of vessel location and catheter insertion but also on the bundle of infection prevention measures.
resuMo
Complicações de punções venosas centrais em um hospital de ensino Introdução: Cateteres venosos centrais são fundamentais na prática clínica diária. Em hospitais de ensino, esse procedimento é realizado por médicos residentes, frequentemente sem supervisão ou treinamento estruturado. Objetivo: Descrever as características das punções venosas centrais e a taxa de complicações relacionadas. Método: Estudo de coorte retrospectiva. Foram selecionados pacientes adultos submetidos a punção venosa central fora de unidade de terapia intensiva (UTI) de um hospital de ensino no ano letivo de 2014 (março de 2014 a fevereiro de 2015). Os dados foram coletados por meio de revisão de prontuários com o uso de formulário eletrônico. Foram avaliadas características clínicas e laboratoriais dos pacientes, características do procedimento, taxa de complicações mecânicas e infecciosas relacionadas. Foram comparados os pacientes com complicações em relação àqueles sem complicações. Resultados: Foram avaliadas 311 punções venosas centrais. Os principais motivos para realização do procedimento foram falta de rede periférica, quimioterapia e sepse. Ocorreram 20 complicações mecânicas (6% dos procedimentos); punção arterial foi a mais comum. Procedimentos realizados no segundo semestre do ano letivo foram associados a menor risco de complicações (razão de chances de 0,35 [IC95 0,12-0,98; p=0,037]). Foram descritos 35 casos de infecção relacionada ao cateter (11,1%). Casos de infecção foram associados a pacientes mais jovens e procedimentos realizados por residentes com mais de um ano de treinamento. Procedimentos realizados após o primeiro trimestre tiveram menor chance de infecção.
Conclusão:
Esses resultados mostram que a taxa de complicações mecânicas de punção venosa central em nosso hospital é semelhante à da literatura; porém, maior atenção deve ser dada para medidas de prevenção de infecção.
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